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Timing precision now
on the same diagnostic

Xray 10 ps

D3He-p 10 - 15 ps

DT-n 10 - 15 ps

DD-n 15 – 25 ps

Particle x-ray temporal diagnostic (PXTD)
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- Goal of the Particle Xray Temporal Diagnostic (PXTD) is to simultaneously provide 
precision time-resolved data on several nuclear reactions, as well as core xray continuum 
( timing precision ± 10-20 ps )

- Simultaneously measured nuclear and xray emission histories - Ti(t) and Te(t) - enables 
study of i-e equilibration / Coulomb logarithm at various plasma conditions

- Three upcoming OMEGA experiments will focus on kinetic, multi-ion effects, and i-e 
coupling studies.  Kinetic-ion / multi-ions simulation support will be provided by LANL

- April 13th, 2016  
- August 24th, 2016 
- August 31st, 2016
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Kinetic, multi-ion effects, and i-e equilibration studies
in ICF plasmas using multiple nuclear and xray emission histories

summary



Kinetic conditions in shock-driven, thin-shell implosions are 
similar to the shock propagation phase of hot-spot ignition experiments
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Different aspect of the burn histories ( burn onset, bang-time, absolute rate ) are 
being compared to different simulations to infer kinetic and multi-ion fluid effects

Bellei et al., PoP 2013
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Single-ion-fluid LSP – burn histories Two-ion-fluids LSP – burn histories

DT DT
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When comparing single-ion-fluid to multi-ion-fluid simulations, we observe:
~ 40% higher DD burn rate       ( relative to DT rate )
~ 50 ps earlier DD burn onset  ( relative to DT burn onset )
~ 30 ps earlier DD bang-time   ( relative to DT bang-time )

background
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Single-ion-fluid LSP – burn histories Two-ion-fluids LSP – burn histories

DT DT

DD DD
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Different aspect of the burn histories ( burn onset, bang-time, absolute rate ) are 
being compared to different simulations to infer kinetic and multi-ion fluid effects

Bellei et al., PoP 2013

10 atm
DT

3.8 µm SiO2
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When comparing single-ion-fluid to multi-ion-fluid simulations, we observe:
~ 40% higher DD burn rate       ( relative to DT rate )
~ 50 ps earlier DD burn onset  ( relative to DT burn onset )
~ 30 ps earlier DD bang-time   ( relative to DT bang-time )

background
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Single-ion-fluid LSP – burn histories Two-ion-fluids LSP – burn histories
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Different aspect of the burn histories ( burn onset, bang-time, absolute rate ) are 
being compared to different simulations to infer kinetic and multi-ion fluid effects

Bellei et al., PoP 2013
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Burn onset

When comparing single-ion-fluid to multi-ion-fluid simulations, we observe:
~ 40% higher DD burn rate       ( relative to DT rate )
~ 50 ps earlier DD burn onset  ( relative to DT burn onset )
~ 30 ps earlier DD bang-time   ( relative to DT bang-time )

background
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Single-ion-fluid LSP – burn histories Two-ion-fluids LSP – burn histories

DT DT

DD DD
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Different aspect of the burn histories ( burn onset, bang-time, absolute rate ) are 
being compared to different simulations to infer kinetic and multi-ion fluid effects

Bellei et al., PoP 2013
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When comparing single-ion-fluid to multi-ion-fluid simulations, we observe:
~ 40% higher DD burn rate       ( relative to DT rate )
~ 50 ps earlier DD burn onset  ( relative to DT burn onset )
~ 30 ps earlier DD bang-time   ( relative to DT bang-time )

background
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In NIF exploding pusher implosions, nuclear and xray bang times 
are measured with two different diagnostics to a precision of ~70ps

N151214 N151214

420um OD 860um OD

N150326

860um OD

N121128

1680um OD

pTOF nuclear BT

SPIDER xray BT

On OMEGA, we can make x-ray and nuclear bang-time measurements 
with much higher precision using PXTD ( 10-20 ps vs. ~ 70 ps )

NIF data
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The new PXTD will simultaneously provide precision time-resolved data on 
several nuclear reactions, as well as core x-ray continuum
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4He (3.6 MeV) + p (14.7 MeV)D + 3He 

The burn histories is recovered from the leading edge of the streak 
signal using a deconvolution or forward fit approach
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Different aspects of the burn histories ( bang-time, width, onset)
can be quantitatively compared with different simulations
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OMEGA 
73598 Δt ~ 60 ± 10 ps

burn onset
FWHM
~ 200 ps

D3He-p DT-n

Single-ion-fluid simulation Measured  burn histories

D3He-p DT-n

When comparing burn histories measurements to single-ion-fluid , we observe:
- D3He burn onset and bang-time are earlier relative to DT, in good agreement 

with simulation.  Longer burn duration ( ~ 150 ps ) than simulation ( ~ 120 ps )

- For this relatively hydrodynamic-like implosion ( 1.3 mg/cc ), maybe we do 
expect fairly good agreement between measurements and single-fluid simulation

1.3 mg/cc
DT3He

3 µm SiO2

OMEGA data
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To understand i-e equilibration rate, we need to determine 
< Ti (t) > from the temperature-dependent ratio of two nuclear reaction histories 
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Proof of principle

i-e rate
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To understand i-e equilibration rate, we need to determine 
< Te(t) > from the slope of the core xray continuum 
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A similar approach is being used on the NIF

i-e rate
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D3He
+ Ar

SiO2

i-e coupling: 1x

i-e coupling: 1.3x

<Ti> 

<Te>

<Ti> 

<Te>

heat conduction: 1.2x

heat conduction: 1x

Shock-driven exploding pusher is a promising system to study ion-electron 
equilibration because shock passage primarily heats the ions

Varying heat conduction Varying i-e coupling

To make the best measurements the plasma temperature should be sensitive to i-e coupling,
and other energy-transfer mechanisms (i.e. thermal conduction) need be well-understood 

i-e rate
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The OMEGA experiment next week will focus on measuring both nuclear and 
xray emission histories in kinetic and more hydrodynamic-like ICF implosions
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OMEGA experiments in August will use trace tritium to measure both 
D3He and DT reaction histories, in addition to xray emission histories

Timing precision 
on the same diagnostic

Xray 10 ps

D3He-p 10 - 15 ps

DT-n 10 - 15 ps

DD-n 15 – 25 ps

Upcoming OMEGA
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The OMEGA experiment next week will focus on measuring both nuclear and 
xray emission histories in kinetic and more hydrodynamic-like ICF implosions
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- Goal of the Particle Xray Temporal Diagnostic (PXTD) is to simultaneously provide 
precision time-resolved data on several nuclear reactions, as well as core xray continuum 
( timing precision ± 10-20 ps )

- Simultaneously measured nuclear and xray emission histories - Ti(t) and Te(t) - enables 
study of i-e equilibration / Coulomb logarithm at various plasma conditions

- Three upcoming OMEGA experiments will focus on kinetic, multi-ion effects, and i-e 
coupling studies.  Kinetic-ion / multi-ions simulation support will be provided by LANL

- April 13th, 2016  
- August 24th, 2016 
- August 31st, 2016
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